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Abstract 
Growth is an important component in the ecology and management of 
stream fisheries. Growth of stream fish has received relatively little attention and 
relationships with habitat variables are largely unknown. We quantified growth of 
juvenile and adult size classes of bluegill (Lepomis macrochirus), common carp 
( Cyprinus carpio ), channel catfish (Ictalurus punctatus ), largemouth bass 
(Micropterus salmoides), rock bass (Ambloplites rupestris), and smallmouth bass 
(M dolomieui) from Illinois streams. Growth rates for each species fell within 
ranges previously reported for lakes and rivers in the United States although they 
averaged slightly lower. Within each species except channel catfish, growth of 
juvenile and adult size classes were uncorrelated with one another. This suggests 
ontogenetic shifts occurred in diet or habitat use, similar to those reported for 
lentic populations of many of these species. The influence of habitat on 
abundance, biomass, and production is known for many species, yet relationships 
between habitat features and growth rates are largely unknown. We related 12 
biological, 23 physical, and 10 chemical macrohabitat variables to growth of each 
species-size class. Five variables were most often correlated with growth: 
number of sunfish species, average depth, percent stream area shaded, percent 
sand substrate, and a water quality index. These empirical relationships with 
macrohabitat variables may enhance the efficiency of stream fisheries 
management by providing an inexpensive, a priori basis for directing management 
efforts. As an initial effort, we have developed multiple regression models of 
growth based on our 45 macrohabitat variables. These models were relatively 
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precise, describing 20 to 100 percent of growth variation in nine species-size class 
combinations among several sites. Although these models require testing against 
independent data for general applicability, they demonstrate the potential for 
predicting growth of stream fish based on commonly collected, and often readily 
available habitat data. 
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Introduction 
Growth is an important component in the ecology and management of 
freshwater fisheries (Summerfelt and Hall 1987). Growth rates directly influence 
production, potential yield, and angler satisfaction, as well as the ecological role 
played by individuals of various sizes, and interactions between predators and 
prey. Growth also reflects the overall well being of an individual, integrating the 
effects of ingestion, metabolism, maintenance, excretion, and reproduction. 
Growth may also reflect habitat quality or "integrity" (Karr 1991). Unfortunately, 
growth data are labor intensive and expensive to collect, costing approximately 
ten times more than length and weight data (Johnson and Nielsen 1983). This 
often makes it impractical to examine growth of stream fish due to the large 
number and diversity of these systems, and partially explains the relative scarcity 
of growth data for stream fish. 
Empirical models can allow predictions to be made about phenomena such 
as growth, which are difficult or expensive to measure directly, using more easily 
collected and often readily available data from routine monitoring surveys. This 
approach reduces costs, increases the efficiency of management surveys, and may 
reveal previously unknown patterns in nature (Rigler 1982, Hoenig et al. 1987). 
A tradeoff exists between the limited amount of high precision data which can be 
measured directly, and the nearly unlimited potential for somewhat less precise 
data generated using existing databases and predictive models. The reality of 
limited budgets favors at least some use of indirect assessment techniques. 
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Numerous studies have successfully developed predictive models for 
standing stock and yield in lakes and reservoirs (Carline 1986). Similarly, in 
streams, production (Pajak and Neves 1987), biomass (Paragamian 1981, Layher 
and Maughan 1985, Mcclendon and Rabeni 1987), and abundance (Lyons 1991) 
have been predicted using habitat variables. Given the success of these studies in 
relating population variables to habitat features, we might expect similar success 
in predicting growth. Growth rates of numerous species have been examined in 
countless reservoirs and lakes (Carlander 1969, Carlander 1977), but few of these 
studies have developed predictive growth models (Adams and McLean 1985, 
Gutreuter and Childress 1990). In contrast, relatively few growth studies have 
examined stream fish, and to date none have addressed predictive relationships 
between environmental variables and growth. 
The vast majority of existing growth studies have used age-specific 
comparisons. However, fish growth and ecology is primarily a function of size, 
rather than age (Gerking and Raush 1979, Werner and Gilliam 1984). Since fish 
of a given age are not necessarily the same size, they should not be expected to 
grow at similar rates. Therefore, age-specific growth studies can not assume that 
fish of the same age will exhibit similar growth responses under similar 
conditions, the null hypothesis for most population comparisons. An initial call 
for size-specific treatment of growth data by Larkin et al. (1957) has gone largely 
unnoticed. Gerking and Raush (1979) experimentally demonstrated that size is 
the overriding factor controlling growth in fish through early and middle stages of 
life. Since younger age classes are most abundant, the majority of fish in a 
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population should exhibit size-specific growth responses to their environment. In 
Texas reservoirs, size also accounted for a significantly greater proportion of 
annual growth variation than age (40% vs. 32%) in largemouth bass (Gutreuter 
1987). These studies provide both empirical and experimental evidence attesting 
to the superiority of size-specific growth methods. 
Our study examined size-specific growth of six species of stream fish: 
bluegill (Lepomis macrochirus ), common carp ( Cyprinus carpio ), channel catfish 
(Ictalurus punctatus), largemouth bass (Micropterus salmoides), rock bass 
(Ambloplites rupestris), and smallmouth bass (M dolomieui). Evidence suggests 
that many of these species exhibit ontogenetic diet and habitat use shifts, growth 
of these species may be related to biotic and abiotic habitat conditions, and these 
variables may provide useful predictors of growth. Thus, our objectives were to 
(1) quantify and compare growth responses of these species, both within and 
among species, across a range of environmental conditions, (2) examine the 
relationships of growth of these species with physical habitat, water chemistry, and 
fish community variables, and (3) generate growth models for making predictions 
based on data commonly available in stream databases. 
Methods 
We made single collections of fish community, physical habitat, and water 
chemistry data from 39 sites in six drainage basins in Illinois (Figure 1). All fish 
data, as well as habitat and water chemistry data from 30 sites were collected 
between 1 August and 27 September 1990. Two other sites were sampled for 
habitat and water chemistry data in 1986, two sites in 1987, and three sites in 
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1988. Use of these older collections was justified since they fall within the 
lifespan of all species in our study, and any relations with current growth provides 
a conservative test for our hypothesis. No habitat or water quality data were used 
from the DesPlaines sites since the most current data available was from 1984 
and considerable stream restoration has taken place since 1984. The streams 
sampled in this study drain diverse soil types and landscapes ranging from 
completely open agricultural channels to forested sandstone hills. Sites were 
selected based on availability of historical data (fish samples and water quality), 
seasonal persistence of flow, and accessibility. 
At each site 45 biotic and abiotic variables were quantified: 23 physical 
habitat, 10 water quality, and 11 of the 12 fish community parameters (Table 1) 
comprising the index of biotic integrity (Karr, et al. 1986). Two habitat variables, 
predicted index of biotic integrity (PIBI) and water quality index (WQI), are 
multiple regressions incorporating other independent habitat variables (Hite and 
Bertrand 1989). PIBI consists of percent substrate as silt-mud, percent substrate 
as clay, mean stream width, and percent pools. WQI is derived from 
measurements of temperature, dissolved oxygen, pH, total phosphorus, turbidity, 
conductivity, and ammonia nitrogen. Habitat data for each site were collected 
from 11 transects at 10 m intervals by the Illinois Environmental Protection 
Agency. Fish were collected by electric seine (Bayley et al. 1989) or boat 
electrofishing (Reynolds 1983). Wadeable sites were shocked in a single pass for 
200-500 musing a 10 m electric seine powered by Honda 1600 watt, 120 volt, 
three phase generator. Sites deeper than 1 m were boat electrofished for one 
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hour using a Homelite 3000 watt, three phase, 210 volt generator, and 
supplemented with several beach seine hauls from shallow areas to compensate 
for sampling bias towards larger fish. Detailed listings and analysis of abundance 
and fish community data from the Vermilion basin (i.e. 27 sites) are presented in 
Day et al. (in prep). 
Fish larger than 10 g were identified to species, weighed (nearest 5 g), 
measured (TL, nearest 1 mm), and released. Smaller fish were preserved in 10% 
formalin and returned to the lab for identification, measurement (TL, nearest 1 
g), and weighing (nearest 1 g). All bluegill, carp, largemouth bass, rock bass, and 
smallmouth bass had approximately 10 scales removed from key scale locations 
(Jearld 1983) and left pectoral spines were removed from channel catfish (Sneed 
1951) for aging and growth back-calculation. 
Scales were impressed on acetate slides and viewed at 25X magnification 
with a dissecting microscope equipped with camera lucida. Scale radii and inter-
annular distances were measured using a digitizing tablet connected to a 
microcomputer, similar to a procedure described in Frie (1982). One to ten 
scales were measured from each fish and replicate measurements were averaged. 
A subsample of scales was aged by a second person to validate age estimates. 
Lengths at each previous year were back-calculated from the averaged scale 
measurements with Fisheries Analysis Tools software (Missouri Department of 
Conservation 1989) using the Fraser-Lee method. Standard values for a, the 
intercept of the linear body-scale regression, were obtained from Carlander 
(1982). Values for channel catfish and carp, not found in Carlander (1982), were 
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calculated from regression of total length against scale or spine radii using data 
pooled from all individuals at all sites. 
We plotted annual growth increments against initial length at the 
beginning of the growing season for each species-site combination. We verified 
homogeneity of slopes among individual fish using two-way ANOV A with an 
interaction term to justify comparisons of individuals by ANCOV A. We then 
tested for differences in annual growth among individual fish for a large number 
of randomly chosen species-site combinations using ANCOV A. A similar 
procedure was used to test for differences among years. We developed 
regressions describing size-specific growth at each site for each species in which 
three or more individuals were sampled. Regressions were obtained by plotting 
back-calculated annual growth increments against initial lengths at the beginning 
of each growing season (Figure 2A). Since sampling was conducted late in the 
growing season, growth data from 1990 were judged incomplete and dropped 
when significantly lower than growth from previous years (ANCOVA, alpha= 
0.05). Quadratic regressions were then fit to the data (figure 2B). If the 
quadratic coefficient was not significant (T-test, alpha=0.05), a linear regression 
was applied. When linear regressions were not significant, we used the overall 
mean growth increment from that site. Regressions and mean growth increments 
were applied only over the range of sizes collected at that site (Figure 2B). Data 
used in each regression were pooled by species and sites were tested for slope 
homogeneity (two-way ANOVA with interaction) and overall differences in 
growth (ANCOV A). All regression, ANOV A, and ANCOV A procedures were 
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performed using the REG and GLM procedures of SAS (SAS Institute Inc. 1988). 
Within each species, we examined annual growth of two size classes: 
small, approximating growth of age I fish, and large, roughly coinciding with the 
onset of sexual maturity (Table 2). These size classes were selected to encompass 
most ontogenetic diet or habitat shifts. Estimates of growth for each of these size 
classes were obtained by solving size-specific regression equations (Figure 3). 
Differences in growth and river mile distances were determined for all 
pairwise combinations of sites, and correlations were examined to assess the 
possibility that fish moved among our sites. If this occurred, we would expect 
positive correlations of growth difference and distance between sites. Next, 
growth estimates for small and large size classes were compared both within, and 
among species using Spearman's rank correlation. Lack of correlation between 
size classes may indicate a change in growth pattern, suggesting an ontogenetic 
shift in diet, habitat, or other resource use. 
Habitat, water chemistry, and fish community variables were transformed 
as needed to approximate normal distributions. Percentage data were arcsine 
square root transformed, while all other data were log(x+ 1) transformed. Since 
many of these variables were correlated with one another, we used principal 
components (PC) analysis (Proc PRINCOMP, SAS Institute Inc. 1988) to group 
these variables into independent, uncorrelated axes. Principal components 
analysis was executed independently for each group of fish community, physical 
habitat, and water quality variables. Correlations of growth estimates with PC 
scores were examined to assess relationships between growth and groups of 
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related environmental variables. 
Simple and multiple regression models describing growth of each species 
and size class were then developed using combinations of fish community, habitat, 
and water chemistry variables. We created models beginning with the single 
variable most highly correlated with growth. Remaining variables were added 
based on the highest significant (P < 0.05) correlation with residual variance. 
Models were restricted to three or fewer variables to avoid artificially increasing 
R2, and only independent variables with significant regression coefficients (H0: 
b = 0, P < 0.05) were retained in the final models. Regression analyses were 
performed using the REG procedure of SAS (SAS Institute Inc. 1988). 
Results 
Slopes of growth increments vs. initial length among individual fish were 
not significantly different (two-way ANOV A interaction term, P > 0.05) for 23 of 
28 (82%) species-site combinations, and growth differences among individual fish 
were not significant (individual main effect, P>0.05) for 34 of 41 (83%) species-
site combinations (e.g. Figure 2B). Additionally, differences among years were 
not significant for 64 of 83 (77%) species-site combinations. We felt these results 
justified pooling data within all species-site combinations into single size-specific 
growth regressions (e.g. Figure 2B). These regressions (e.g. Figure 2B) utilized 
data from three to 42 individual fish per site, and were significant (P < 0.05) for 73 
out of 84 (87%) of the species-site combinations. The remaining 11 sites are 
represented by the mean annual growth of all individuals for each back-calculated 
year, implying no relationship with initial length. Differences in slopes of growth 
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increments among sites were significant for all species except channel catfish, 
making adjusted mean growth differences among sites uninterpretable. However, 
the differences in growth trajectories causing this interaction (ANOVA, P<0.001) 
indicates variable differences in size-specific growth among these sites (Figure 3). 
For channel catfish, main effects from ANOV A were interpretable, with 
significant differences among sites (ANOV A, P < 0.001). 
Annual growth of all species and size classes was highly variable across our 
39 stream sites (Table 2), and generally decreased with increasing size (Figure 3). 
Our means and ranges of length at age III were lower than those reported in 
streams and lakes throughout the United States (Table 2), although ranges 
overlapped considerably. Growth was not correlated with distance between sites 
for all species-size combinations except large carp. However, a plot of the carp 
data revealed several outlying data points leading to this marginally significant 
relationship ( r = 0.18, P = 0.04, N = 120). Re-analysis using Spearman' s rank 
correlation indicated this relationship was not significant (r5 =0.09, P=0.30, 
N = 120). Within each species, growth of large and small size classes was 
uncorrelated, except for channel catfish (Table 3). Among all species-size 
combinations, growth correlations were found only with large carp, which was 
negatively correlated with large bluegill (r=-0.90, P<0.05), small largemouth bass 
(r =-0.83, P < 0.05), and positively correlated with large channel catfish (r = 0.63, 
P<0.05). 
Numerous correlations were found within each category of physical habitat, 
water chemistry, and fish community variables. The first three PC ordination 
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axes for each category of fish community, physical habitat, and water chemistry 
variables accounted for 50.2, 74.6, and 60.2% of the total variation in each 
category, respectively. PC ordinations of sites based on physical and chemical 
data are presented in Figure 4a and Figure 4b, respectively. 
For habitat variables, high scores on the first axis indicated high PIBI 
scores, wide, large river sites with coarse substrate and fast current. Lower scores 
were associated with low PIBI scores, small headwater reaches, fine substrate, and 
slow current. Nine sites on the mainstem of the Vermilion river were separated 
from smaller tributary streams along this axis (Figure 4A). The second axis 
indicates small headwater reaches with coarse substrate and abundant instream 
cover at sites with high scores. The third axis was positively associated with 
deeper, low velocity areas. No sites were distinctly separated along PC axes II 
and III. 
The first water chemistry axis accounted for 39% of the variation and was 
positively associated with high dissolved oxygen, high pH, high suspended solids 
and hardness. This axis distinguished the three sites in the Shawnee drainage 
from other sites (Figure 4B). The second axis characterized high WQI scores, 
low nitrite+ nitrate content, high phosphorus, and low hardness with higher 
ordination scores, with all sites evenly distributed along this axis. Low dissolved 
oxygen and high ammonia nitrogen content was indicated by high scores on the 
third PC axis. Two sites in the Vermilion drainage, and the single Mackinaw 
basin site were associated with high scores on this axis (Figure 4B). 
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The first PC axis for fish community variables accounted for 35 % of the 
total variation. This axis was positively correlated with index of biotic integrity 
scores, proportion of abundance as insectivorous cyprinids, and overall species, 
sucker, darter, and intolerant species richness. Negatively correlated with the first 
axis were percent diseased individuals and abundance of green sunfish (Lepomis 
cyanellus). The second axis was also positively correlated with darter species 
richness but negatively correlated with sucker richness and abundance of 
omnivores. The third axis was correlated with high sunfish richness, high 
abundance of carnivores, and low abundance of insectivorous cyprinids. No 
figure is presented for these data since sites were evenly distributed along all 
three axes and no unique patterns were present. 
Growth rates were correlated with several fish community, physical habitat, 
and water chemistry variables (Table 4) and PC axes. Large rock bass growth 
was negatively correlated with high darter species richness, low sucker species 
richness, and low omnivore abundance (fish community PC II, r=-0.87, P=0.03). 
Growth of large channel catfish and large rock bass were negatively correlated 
(r=-0.77, P=0.01 and r=-0.85, P=0.03, respectively) with increasing depth and 
decreasing velocity (physical habitat PC III). Growth of large bluegill was 
negatively correlated with large river riffle areas (physical habitat PC I, r = -0.93, 
P = 0.002). Smaller headwater reaches (habitat PC II) were positively correlated 
(r=0.45, P=0.05) with growth of large carp. Growth of large rock bass was 
negatively correlated (r=-0.87, P=0.02) with high water quality index scores, low 
hardness, high phosphorus, low nitrate-nitrite, and (r=-0.93, P=0.01) with low DO 
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and high ammonia values (water chemistry PC II and PC III, respectively). 
We found significant growth models for nine out of eleven species-size 
class combinations with physical habitat variables contributing to most models 
(Table 5). The nine significant models accounted for 20% to 100% of growth 
rate variation using three or fewer variables. No single variable appeared in 
more than two models and no variable was common to both small and large size 
classes within a species. However, the proportion of a site shaded between 1000 
and 1400 h (i.e. a measure of canopy cover) contributed to models of small 
bluegill and large rock bass growth. Models of large carp and large channel 
catfish growth both incorporated the proportion of instream cover. Substrate 
composition played an important role in describing growth of large bluegill, small 
largemouth bass, and large smallmouth bass. Growth of small carp and small 
rock bass were described by correlations with single variables, discharge and 
index of biotic integrity, respectively. Significant models could not be developed 
for small channel catfish and small smallmouth bass since their growth was 
uncorrelated with all environmental variables. 
Discussion 
Previous size-specific growth studies have grouped fish into 5 to 25 mm 
size classes and plotted growth as a histogram of size classes (Larkin et al. 1957, 
Gutreuter 1987, Osenberg et al. 1988). Our method fitted a continuous 
regression to each population. The histogram approach would have necessitated 
using broad size classes or making linear interpolations for missing size classes. 
Our regressions were significant for 87% of species-site combinations. Year 
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effects were not significant at 77% of the species-site combinations in our study, 
similar to results found with bluegill in Michigan lakes (Osenberg et al. 1988). 
Due to the high coefficients of determination for our models (range: 0.56-0.98), 
and largely non-significant individual and year effects, we believe our approach 
accurately represented growth. Previous research has shown that the size-specific 
approach summarizes growth within a fish population more precisely than 
traditional age-specific methods (Gutreuter 1987) and allows more meaningful 
comparisons among populations (Osenberg et al. 1988), especially when growth 
responses are related to environmental factors and resource levels. We urge 
other researchers to consider this approach when quantifying and comparing 
growth rates. 
During development from juvenile to adult, many species undergo at least 
one shift in diet or habitat use (Werner and Gilliam 1984). For example, bluegill 
in lakes are known to switch prey and migrate from the limnetic zone to littoral 
habitat when they reach 50 to 83 mm SL (Werner and Hall 1988). Largemouth 
bass, smallmouth bass, and rock bass show a general diet shift from insects to fish 
and crustaceans between 40 and 100 mm (Carlander 1977). Conversely, common 
carp and channel catfish are well known for their benthic, omnivorous feeding 
habits, although channel catfish will occasionally take fish and insects from the 
water column (Carlander 1969). 
Depending on these patterns of habitat and resource use, growth of 
different size classes within a species may vary directly, inversely, or independent 
of one another. For instance, the ontogenetic niche and diet shift in bluegill are 
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reflected by a change in growth pattern at 55 mm (Osenberg et al. 1988). 
Similarly, a diet shift affected growth trajectories of rainbow trout (Larkin et al. 
1957); small trout exhibited slow growth due to competition with other fish 
species for invertebrates, but growth increased when trout grew large enough to 
switch to piscivory. Although we did not quantify diet or habitat use, similar 
ontogenetic shifts in resource use were suggested by the lack of correlation 
between growth of small and large size classes for each species in our study, 
except channel catfish. 
Growth of small and large channel catfish was correlated among sites in 
our study (Table 3), suggesting that this species may not undergo a pronounced 
size related niche shift or factors independent of body size limit growth at these 
sites. Similarly, channel catfish aged I through IX displayed similar growth 
responses across seven sites on the Green and Yampa rivers that varied widely in 
habitat conditions (Tyus and Nikirk 1990). Catfish growth was evidently limited 
by short growing seasons, low summer temperature, and limited food resources 
rather than physical habitat. Temperature, as rated on a habitat suitability index, 
also contributed to a successful predictive model of channel catfish biomass in 
Oklahoma streams (Layher and Maughan 1985). Channel catfish growth was 
probably not limited by temperature in our study, since growth of small and large 
size classes were not correlated with temperature (r = -0.24, P = 0.50, n = 10, and 
r=-0.42, P=0.26, n=9, respectively). 
Movements among neighboring sample sites may have confounded patterns 
of channel catfish growth variation. Random movements outside the study reach 
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expose an individual to constantly varying habitats. If growth is habitat 
controlled, growth responses of transient fish would constantly fluctuate making it 
difficult to discern the effects of an ontogenetic niche shift or any relationships 
with environmental factors. Dames et al. (1989) found channel catfish moving up 
to 35 km between the Missouri river and its tributaries. Movements up to 177 
km in 36 d have also been reported in the Mississippi river (Hubley 1963). If 
channel catfish move among sites, they should show similar growth responses at 
neighboring sites. We found no correlation between growth rate difference and 
distances between sites for small (r=-0.11, P=0.58, n=28) or large (r=0.27, 
P=0.24, n=21) channel catfish, suggesting these fish did not move among sites. 
Therefore, the correlation between small and large size classes is most likely due 
to persistent ecological patterns throughout channel catfish ontogeny. 
We observed no correlations between growth of small channel catfish or 
small smallmouth bass and any of the fish community, physical habitat, or water 
chemistry variables, indicating that growth of these species-size classes may not be 
controlled by factors considered in this study. Since these represent typically 
more abundant younger cohorts, and diets of small size classes often overlap 
among species, competition for food resources may have limited their growth. 
Growth of the remaining nine species-size class combinations were correlated 
with several habitat variables (Table 4). Biomass and density of smallmouth bass 
has been positively correlated with coarse substrates (Paragamian 1981) and 
instream cover (McClendon and Rabeni 1987). Our study found a negative 
relationship between growth and coarse substrate, although increasing densities 
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could result in competition and slower growth. Rock bass abundance and density 
were both positively related to instream vegetation, woody structure, and coarse 
substrate (Mcclendon and Rabeni 1987). We found a similar variable, percent 
riffle area indicating coarse substrate and fast flow, positively correlated with 
growth. 
Relatively few data are available to compare with our study for common 
carp, largemouth bass, and bluegill, probably due to limited public utilization of 
these species as stream sportfish. Further, the few studies with which we could 
compare our results analyzed other population characteristics, and factors which 
might be expected to influence growth probably differ from those affecting these 
other population characteristics. Although growth data are important in many 
aspects of fishery management, the lack of such data in streams is likely due to 
the labor and cost involved as well as the large number and complexity of stream 
systems. Since growth was related to habitat variables in our study, development 
of predictive models based on these data may be useful in making growth 
estimates in streams more widely available. 
Previous attempts to model growth in reservoirs have had mixed success. 
Adams and McLean (1985) were able to predict 88 to 90% of age I, and 70 to 
90% of age II growth variation in largemouth bass using the liver somatic index, 
metabolic rates, and temperature. Gutreuter and Childress (1990) accounted for 
63 to 74% of largemouth bass growth and 46 to 83% of white crappie growth 
using condition indices and length at the beginning of the growing season. 
Models derived in these studies were unsuitable predictors of growth since they 
16 
required prior knowledge of age and back calculated lengths. Models 
independent of previous growth data developed by Gutreuter and Childress 
(1990) using length at capture and condition indices were of limited value. Partial 
correlation ratios indicated that condition accounted for less than 54% and 19% 
of largemouth and white crappie growth, respectively. 
The precision of many of our models is comparable to previous attempts 
at predicting growth (Adams and McLean 1985, Gutreuter and Childress 1990) 
and population characteristics (reviewed in Carline 1986). We found four models 
which could account for 95% or more of growth variation (Table 5); additional 
precision is unlikely due to natural environmental variation and sampling biases 
(Carline 1986). In contrast, significant models could not be developed for small 
channel catfish and small smallmouth bass, and small and large carp models only 
accounted for 20 and 53% of growth variation, respectively. Layher and 
Maughan (1985) suggest that species with a relatively narrow niche are more 
subject to environmental control of their population characteristics. As an 
omnivore and habitat generalist, carp may not be highly responsive to 
environmental variation. However, the inability to define a significant growth 
model does not necessarily imply that growth of a species or size class is outside 
of environmental control or obscured by behavioral patterns. In these cases 
growth could simply be limited by other abiotic factors, density dependent factors 
such as competition, or single samples of temporally fluctuating variables may 
have been insufficient to reveal patterns. The high precision obtained with the 
remaining seven models as well as the high correlations between growth and 
17 
habitat variables suggests that future attempts to model growth of stream fish 
using these, or incorporating additional variables, will be successful. 
We suggest that these habitat-based models are useful at two levels. First, 
since little growth information currently exists for stream populations of many of 
these species, predictions from these models can provide a relatively quick a priori 
basis for stream fisheries management. The growing environmental databases 
that are now maintained by agencies represent potentially important predictive 
tools for the future. Second, and perhaps more importantly, these models 
represent testable hypotheses for further research. Testing and further 
refinement with independent data sets is the next step in the empirical approach 
and will greatly enhance the utility of these models. 
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Table 1. Mean and range for single samples of 45 fish community, physical habitat, and water chemistry variables taken at 37 
sites during 1986, 1987, 1988, or 1990. Footnoted variables are explained in references. 
Variable Mean Range 
Ftsh Community 
Index of biotic integrity' 42 31-54 
Species richness 21 11-31 
Number of sucker species 5 1-10 
Number of sunfish species 4 1-6 
Number of darter species 1 0-6 
Number of intolerant species• 4 1-9 
Individuals as green sunfish (% y 14 0-54 
Individuals as hybrids(%)" 0 0-2 
Individuals as omnivores(%)" 15 0-46 
Individuals as insectivorous 
cyprinids (%)" 32 0-82 
Individuals as piscivores (%)" 5 0-19 
Individuals diseased (% Y 1 0-3 
Physical Habitat 
Predicted index of biotic integrity" 45 31-58 
Stream order 5 3-6 
Mean width (m) 20 6-62 
Mean depth (m) 0.4 0.1-0.7 
Mean velocity (cm/s) 11 0-34 
Discharge (m3/s) 0.7 0-2.6 
lnstream cover (%) 7 1-32 
Proportion of reach as pool(%) 32 0-100 
Proportion of reach as riffle (%) 11 0-60 
Area of reach shaded between 
1000 and 1600 hours(%) 24 0-88 
Silt ( <0.06mm) substrate (%) 11 0-91 
Sand (0.06-2mm) substrate (%) 17 0-60 
Fine gravel (2-8mm) substrate(%) 14 0-34 
Medium gravel (8-16mm) substrate(%) 12 0-37 
24 
Table 1. Continued. 
Variable 
Coarse gravel (16-64mm) substrate(%) 
Small cobble (64-128mm) substrate(%) 
Large cobble (128-256mm) substrate(%) 
Boulder (>256mm) substrate(%) 
Bedrock substrate(%) 
Claypan substrate(%) 
Detritus substrate (%) 
Area instream vegetation (%) 
Area submerged logs(%) 
Water Chemistry 
Water quality index" 
Field water temperature (°C) 
Dissolved oxygen (mg/L) 
pH 
Conductivity (mmhos/cm) 
Total suspended solids (mg/L) 
Ammonia nitrogen (mg/L) 
Nitrate+ nitrite nitrogen (mg/L) 
Total phosphorus (mg/L) 
Hardness (mg/L) 
a (Karr, et al. 1986) 
" (Hite and Bertrand 1989) 
Mean 
25 
Range 
12 0-35 
9 0-33 
6 0-19 
5 0-22 
5 0-54 
5 0-23 
2 0-27 
3 0-21 
1 0-7 
26 6-75 
23 12-32 
9.0 0.3-19.7 
7.9 6.7-8.8 
706 140-858 
32 2-168 
0.05 0.00-0.23 
5 0-17 
0.19 0.00-0.83 
339 58-409 
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Table 4. Correlation coefficients for signifcant (P<0.05) relationships between annual growth of 
each species-size class combination and environmental variables. Environmental variables and 
species abbreviations are the same as in Tables 1 and 3, respectively. 
BLG Car:e CCF LMB ROB SMB 
Variable small large small large large small small large large 
IBI -0.47 0.81 
#Sunfish 
species 0.63 -0.71 -0.83 
%Green 
sunfish -0.73 -0.88 
%Insect. 
cyprinids 0.92 
%Diseased 0.48 -0.72 
PIBI 0.54 
Stream 
order 0.46 
Depth 0.58 -0.67 -0.73 
Velocity 0.84 
Discharge 0.44 
%Instream 
cover 0.50 0.90 
%Riffles -o. 77 0.89 
%Shaded 
area -0.67 -0.44 0.99 
%Silt -0.76 
%Sand -0.60 -0.81 0.90 
%Coarse 
gravel -0.86 0.77 
%Large 
cobble -0.78 
%Boulders -0.67 
%Claypan 0.80 
%Submerged 
logs -0.57 
WQI -0.67 0.75 -0.85 
Temperature 0.69 
TSS -0.69 
Total 
phosphorus 0.74 
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Figure Legends 
Figure 1. Map of Illinois showing sampling sites from six 
drainage basins. Unique symbols represent sites according 
to drainage basin. 
Figure 2. An example showing development of a size-specific 
regression using data for five smallmouth bass from one site 
in the Big Bureau drainage basin. (A) Back-calculated 
growth trajectories for individual fish; here, represented 
by unique numbers and lines. (B) The same data as in (A) 
with a signifcant curvilinear regression summarizing growth 
for smallmouth bass at this site. 
Figure 3. Regression lines describing size-specific growth 
at individual sites for six species of Illinois stream fish. 
Lines encompass the range of back-calculated lengths used to 
establish regressions at each site, and were used to 
generate size-specific growth estimates. No estimates were 
made beyond these ranges. Vertical dashed lines indicate 
lengths of "small" and "large" size classes of each species. 
No "large" growth estimates were made for largemouth bass. 
Figure 4. Principal component (PC) ordination based on 
physical (a) and chemical (b) characteristics for 34 sites 
having complete data. Symbols are the same as in Figure 1. 
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Appendix 1. Raw values for all sampling, growth, habitat, and principal components data. 
BLG=bluegill, CCF=channel catfish, LMB=largemouth bass, ROB=rock bass, SMB=smallmouth bass, 
IEPA=Illinois Environmental Protection Agency, IBI=Index of Biotic Integrity, PIBI=Predicted Index 
of Biotic Integrity, WQI= Water Quality Index, (-)=missing data. 
!EPA 
Site 
Code 
AJ09 
AK02 
ALOl 
DGL03 
DGL07 
DGL08 
DK15 
DQOl 
DQ03 
DQFOl 
DS04 
DS05 
DS06 
DS07 
DS08 
DS09 
DSlO 
DSll 
DS13 
DS14 
DS15 
DSBOl 
DSB02 
DSCOl 
DSEOl 
DSGOl 
DSH02 
DSJOl 
DSKOl 
DSLOl 
DSPOl 
DSP03 
DSQ02 
DSQ03 
DSQBOl 
Drainage 
Basin 
Shawnee 
Shawnee 
Shawnee 
LaMoine 
LaMoine 
LaMoine 
Mackinaw 
Big Bureau 
Big Bureau 
Big Bureau 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
Sample Sample Small 
Date Gear BLG 
9/11/90 
9/11/90 
9/12/90 
9/24/90 
9/24/90 
9/24/90 
9/07/90 
9/27/90 
9/28/90 
9/27/90 
9/19/90 
9/05/90 
9/04/90 
9/05/90 
9/18/90 
8/15/90 
9/06/90 
8/15/90 
seine 
boat 
seine 
boat 
boat 
boat 
boat 
boat 
seine 
seine 
boat 
seine 
boat 
boat 
seine 
boat 
boat 
seine 
9/17/90 seine 
8/29/90 seine 
8/28/90 seine 
26.4 
37.2 
40.0 
30.6 
36.7 
47.6 
44.5 
37.0 
57.1 
47.8 
40.0 
Vermilion 9/06/90 seine 
Vermilion 
Vermilion 
8/07/90 seine 
8/07/90 seine 
Vermilion 8/02/90 seine 
Vermilion 8/02/90 seine 
Vermilion 8/01/90 seine 
Vermilion 8/29/90 seine 
Vermilion 8/07/90 seine 
Vermilion 8/01/90 seine 41.5 
Vermilion 8/20/90 seine 26.8 
Vermilion 
Vermilion 
Vermilion 
Vermilion 
46.2 
33.5 
DSQCOl Vermilion 
8/16/90 seine 
8/28/90 seine 
9/04/90 seine 
8/20/90 seine 
8/30/90 seine 
8/02/90 seine 36.3 DSTOl Vermilion 
G25 Des Plaines 
GW02 Des Plaines 
9/16/90 seine 27.4 
9/16/90 seine 38.7 
Large 
BLG 
25.3 
22.5 
14.9 
21.6 
27.8 
26.0 
2.8 
33.5 
12.8 
14.5 
37 
Annual growth (nm) 
Small Large Small Large 
Carp Carp CCF CCF 
115.2 
125.0 
127.3 
124.6 
139.0 
175.8 
108.7 
146.3 
133.9 
106.4 
127.2 
143.6 
103.1 
144.6 
94.3 
99.0 
125.8 
46.7 
52.2 
59.1 
40.0 
60.4 
27.2 
34.6 
38.8 
28.4 
46.7 
32.6 
32.5 
38.9 
41.7 
28.9 
33.7 
103.5 49.6 
67.7 
70.5 
89.1 
82.6 
41.8 
67.8 
83.0 
86.3 
78.2 
55.4 
70.4 
53.2 
29.1 
68.1 
58.4 
50.6 
Small Small Large 
I.MB ROB ROB 
65.5 
40.1 
33.8 
89.6 
75.8 
43.2 
116.2 40.5 
106.4 35.7 
81.4 
20.5 
8.9 
14.4 
41.5 26.3 
49.7 24.9 
65.8 
93.5 
101.2 46.8 86.2 56.0 74.5 40.1 
121.2 51.2 
86.7 35.1 
103.1 
98.9 
101.0 
36.4 
13.3 69.8 
59.0 
38.2 21.8 
99.6 
42.2 
Appendix 1. Continued. 
Annual growth (nm) 
Average length at age III (nm) small 
SMB 
large 
SMB BLG Carp CCF LMB ROB SMB !BI 
77 .3 
73.9 
79.2 
63.7 
72.5 
60.4 
60.6 
66.6 
67.6 
65.3 
59.7 
46.7 
37.6 
44.1 
51.3 
23.7 
16.1 
34.7 
47.9 
79.6 
119.1 
111.5 
132.3 
129.5 
126.6 
102.5 
141.6 
133.6 
110.4 
121.4 
96.6 
61.4 
104.4 
101.3 
116.5 
362.2 
364.7 
362.9 
367.7 224.7 
422.6 264.1 
395.7 
395.1 261.0 
362.6 213.6 
342.4 
394.1 
391. 7 244. 9 
336.0 
393.2 242.7 
309.0 
346.9 
376.3 246.0 
334.3 
169.6 
354.0 254.2 
366.1 
301.5 
306.3 
327.6 226.4 
167.5 
260.5 
42 
44 
42 
46 
34 
34 
146.9 272.6 47 
46 
241.5 46 
42 
32 
239.6 50 
34 
162.6 46 
211. 4 46 
210.6 34 
50 
266.7 32 
136.4 46 
125.6 205.6 43 
296.0 106.1 31 
129.4 
159.3 
201. 7 122.2 
115.6 
265.9 
36 
52 
46 
212.2 54 
246.4 36 
36 
42 
50 
34 
42 
46 
234.2 46 
36 
46 
42 
34 
40 
34 
40 
Species richness 
Total Suckers Sunfish 
19 
24 
26 
21 
13 
15 
29 
25 
26 
24 
19 
24 
17 
25 
19 
17 
31 
14 
24 
25 
17 
26 
26 
24 
20 
16 
20 
27 
16 
20 
21 
27 
16 
26 
21 
11 
17 
16 
17 
4 
4 
1 
6 
6 
5 
10 
7 
7 
6 
4 
6 
6 
9 
7 
5 
9 
5 
5 
6 
3 
5 
6 
7 
2 
2 
3 
5 
1 
3 
4 
5 
4 
3 
5 
1 
1 
1 
1 
6 
5 
5 
3 
2 
3 
5 
3 
2 
2 
4 
4 
4 
4 
1 
3 
5 
4 
5 
6 
5 
4 
4 
3 
5 
4 
5 
5 
5 
5 
5 
3 
4 
4 
3 
3 
2 
4 
3 
Appendix 1. Continued. 
Species richness Green 
Darters Intolerants sunfish Hybrids 
1 
5 
6 
0 
0 
0 
1 
1 
1 
2 
0 
1 
0 
0 
0 
0 
1 
0 
2 
1 
0 
3 
1 
1 
0 
2 
1 
4 
0 
2 
2 
3 
2 
3 
1 
0 
2 
0 
1 
2 
5 
8 
4 
2 
1 
9 
4 
4 
3 
2 
7 
3 
7 
6 
3 
9 
2 
8 
9 
5 
6 
7 
6 
2 
2 
3 
8 
2 
3 
3 
6 
4 
4 
3 
1 
1 
1 
2 
2.3 
3.2 
0.2 
12.1 
53.8 
16.2 
0.6 
0.1 
3.2 
9.4 
4.3 
1. 6 
6.4 
6.0 
0.5 
11.2 
1.2 
13.7 
10.2 
28.1 
36.2 
16.3 
5.7 
15.2 
45.8 
37.6 
7.9 
20.9 
28.1 
31. 7 
9.5 
0.7 
6.9 
6.9 
11. 0 
16.2 
34.3 
23.3 
28.6 
0.0 
0.4 
0.3 
0.0 
0.0 
o.o 
0.0 
0.0 
0.0 
0.0 
1.4 
0.0 
0.0 
0.0 
0.0 
0.7 
o.o 
0.0 
o.o 
0.0 
0.4 
0.0 
0.0 
0.0 
0.3 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
2.0 
0.0 
o.o 
0.0 
0.0 
0.3 
0.8 
1. 0 
Proportion of individuals (%) 
Insect. Stream Width 
Omnivores Cyprinids Carnivores Diseased PIBI order (m) 
19.2 
20.5 
45.6 
17.8 
20.5 
44.9 
42.0 
8.6 
10.4 
23.9 
44.2 
12.2 
10.7 
15.3 
15.3 
30.3 
9.2 
21. 6 
2.0 
3.7 
0.9 
4.7 
24.9 
7.8 
16.5 
1. 8 
6.3 
8.1 
3.0 
10.9 
7.4 
5.8 
22.9 
6.6 
21.9 
0.4 
10.2 
2.3 
7.3 
0.0 
14.4 
13.1 
39.3 
1. 3 
31.1 
13.2 
79.7 
42.5 
41. 9 
21.2 
43.6 
7.0 
60.0 
16.8 
14.5 
70.2 
1. 0 
43.5 
11. 9 
11.2 
39.7 
46.3 
57.8 
17.5 
9.7 
63.5 
32.1 
40.7 
32.3 
54.5 
81. 7 
15.3 
69.5 
39.3 
7.7 
45.6 
0.8 
20.4 
39 
3.2 
4.3 
4.2 
5.1 
3.8 
1. 8 
9.8 
1. 0 
1. 2 
0.1 
11.5 
2.2 
14.4 
1. 4 
9.4 
5.9 
4.0 
18.6 
11. 0 
12.5 
3.1 
1.2 
1.2 
6.3 
2.7 
3.0 
1.1 
4.5 
3.5 
2.1 
3.2 
0.4 
3.1 
1. 9 
1. 4 
2.3 
1.2 
18.0 
12.6 
0.0 
0.0 
0.0 
0.0 
0.0 
1. 2 
0.0 
0.1 
0.0 
0.3 
0.5 
0.0 
2.7 
0.0 
1. 0 
0.0 
0.3 
1. 0 
0.4 
0.8 
2.2 
0.0 
0.3 
0.0 
0.4 
0.6 
1.1 
0.5 
3.0 
0.5 
0.0 
0.3 
2.3 
0.6 
0.5 
0.5 
0.0 
0.8 
0.0 
41 
47 
45 
43 
49 
45 
44 
42 
so 
49 
53 
48 
54 
58 
53 
48 
48 
47 
42 
45 
43 
43 
43 
42 
45 
43 
43 
43 
42 
43 
41 
40 
31 
44 
4 
5 
4 
5 
5 
5 
6 
6 
5 
5 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
4 
4 
3 
3 
5 
3 
4 
4 
4 
5 
4 
5 
5 
4 
4 
4 
5 
3 
5.9 
13.6 
16.2 
23.2 
19.2 
20.1 
14.9 
10.1 
32.6 
26.5 
47.2 
23.8 
47.2 
61. 6 
39.9 
28.3 
27.7 
23.5 
6.4 
13.7 
5.8 
7.3 
8.2 
10.1 
14.9 
8.5 
14.3 
18.9 
9.1 
16.8 
18.9 
9.1 
12.2 
6.7 
Appendix 1. Continued. 
Percent stream area (%) 
Depth Velocity Discharge Instream Stream Fine Medium Coarse Small 
Cm) (cm/s) (m3/s) cover Pools Riffles shading Silt Sand gravel gravel gravel cobble 
0.27 0.9 
0.55 o.o 
0.55 4.6 
0.11 13.4 
0.18 18.3 
0.30 33.5 
0.37 15.2 
0.30 6.1 
0.27 21.3 
0.21 
0.55 
0.30 
0.18 
0.67 
0.46 
0.30 
0.49 
17.4 
0.0 
20.4 
24.1 
1.2 
15.2 
24.1 
11.0 
0.40 18.6 
0.40 6.1 
0.37 6.4 
0.21 22.9 
0.34 7.6 
0.43 2.7 
0.37 5.8 
0.27 8.8 
0.37 2.7 
0.34 3.0 
0.46 7.3 
0.24 26.8 
0.49 12.5 
0.40 15.2 
0.43 1.2 
0.37 12.5 
0.24 3.4 
0.04 
0.04 
0.19 
0.01 
0.64 
2.02 
0.82 
0.18 
1. 77 
1.18 
0.0 
1. 38 
1.68 
1.24 
2.60 
2.28 
1.71 
0.96 
0.15 
0.21 
0.24 
0.37 
0.08 
0.43 
0.38 
0.03 
0.15 
0.59 
0.67 
1.05 
1.27 
0.10 
0.52 
0.06 
2.4 
5.6 
18.9 
5.0 
4.0 
6.6 
4.0 
8.0 
3.2 
18.3 
1.2 
3.4 
4.2 
2.1 
3.1 
2.6 
2.3 
4.2 
12.5 
4.5 
11. 9 
4.5 
8.9 
6.0 
2.7 
14.7 
32.4 
3.4 
6.8 
0.9 
0.8 
1.3 
1.4 
10.9 
39.4 2.7 
87 .4 0.3 
52.4 1.8 
54.0 12.5 
100 0.0 
19.0 4.0 
15. 0 1. 0 
28.0 8.0 
12.0 14.0 
17.5 43.5 
100 0. 0 
18.0 25.0 
7.3 59.9 
27.0 0.0 
21.0 23.0 
0.0 
9.5 
22.0 
0.0 
8.4 5.0 
48.0 0.0 
42.5 21.5 
15.5 55.5 
75.5 2.0 
81.0 6.0 
35.0 5.0 
20.0 8.9 
59.0 24.5 
23.5 1.6 
6.2 2.1 
0.0 2.5 
0.6 0.3 
3.5 0.0 
18.0 o.o 
0.0 0.0 
52.0 15.0 
51.2 
29.4 
41.1 
88.0 
40.0 
2.0 
1.0 
20.0 
3.0 
2.0 
5.4 
0.0 
2.5 
12.0 
22.5 
23.3 
9.0 
15.0 
10.5 
36.5 
36.5 
11. 7 
61.0 
24.5 
21.2 
30.5 
13.5 
62.0 
15.5 
0.0 
2.0 
26.5 
5.0 
88.0 
40 
9.5 20.0 3.2 
2.6 25.2 3.9 
15.5 6.4 3.2 
14. 2 27. 0 5. 7 
9.0 60.0 20.0 
8.0 40.0 20.0 
3.0 28.0 17.0 
13.0 29.0 21.0 
5.3 17 .2 17 .2 
2.3 4. 5 
41.7 6.7 
3.8 1.3 
2.4 3.6 
12. 9 12. 9 
0 .0 21. 7 
12.5 
15.3 
5.1 
3.0 
18.0 
9.4 
4.1 
4.6 
12.7 20.3 
1.0 6.7 
4.9 2.5 12.3 
1.0 21.9 22.9 
1.3 13.2 16.4 
o.o 8.2 3.1 
6.6 24.6 18.9 
12 .1 9. 9 9. 9 
17.7 29.2 30.1 
7 .6 33. 9 15.2 
2.1 11.0 6.9 
13.9 18.8 12.1 
15.4 10.8 19.2 
5 . 0 15 . 7 13 . 8 
6.3 3.1 15.6 
20.6 19.1 33.6 
4.5 24.2 31.8 
90. 6 0. 0 0. 0 
o.o 8.2 7.3 
6.3 
7.7 
1. 6 
5.7 
3.0 
26.0 
22.0 
21.0 
20.3 
6.8 
8.0 
11.5 
1.8 
9.7 
11.6 
14.2 
9.3 
16.0 
7.6 
21.4 
11. 3 
4.9 
6.6 
5.3 
7.0 
13.1 
12.1 
24.6 
37.1 
16.1 
3.1 
12.1 
0.0 
9.1 
7 .4 4.2 
6.5 9.0 
4.3 3.2 
18. 4 27 .o 
3.0 1.0 
2.0 0.0 
9.0 6.0 
11.0 0.0 
20. 7 10. 6 
13.6 
11.0 
32.1 
0.0 
17.5 
25.4 
16.2 
10.8 
5.7 
4.9 
33.3 
8.4 
9.2 
10.1 
13.7 
20.6 
35.0 7.4 
11.4 9.5 
19.5 10.1 
25. 8 18.6 
2.5 17.2 
16. 5 18. 7 
3.5 1.8 
7 .6 9.4 
11.0 11.0 
7 .9 2.4 
14.6 2.3 
12. 6 3.1 
28.6 13.5 
0.0 0.0 
0.6 1. 9 
0.0 0.0 
8.2 6.4 
Appendix 1. Continued. 
Percent stream area (%) 
Large Submerged 
cobble Boulders Bedrock Claypan Detritus Vegetation logs 
2.1 
14.2 
11. 8 
a.7 
a.a 
a.a 
5.a 
a.a 
5.7 
8.a 
1.2 
7.7 
la.2 
8.8 
8.7 
5.1 
18.6 
6.1 
8.6 
6.3 
9.3 
8.2 
1.1 
1. 8 
9.4 
a.a 
18.7 
9.6 
a.a 
a.a 
a.a 
5.a 
a.a 
a.4 
8.a 
1.8 
3.8 
16.3 
7.8 
6.5 
11.2 
22.2 
3.1 
7.6 
1. 9 
8.2 
6.6 
a.a 
a.a 
1. 8 
11. 7 2.8 
1.8 1.2 
a.a a.8 
3.1 1.9 
3.1 a.a 
a.a a.a 
a.6 a.a 
a.a a.a 
la.a 18.2 
a.a 
a.6 
17.6 
a.a 
a.a 
a.a 
a.a 
a.a 
a.a 
37.5 
3.1 
a.a 
53.6 
a.a 
2.2 
a.a 
a.a 
9.8 
a.a 
3.8 
8.2 
a.a 
a.a 
a.a 
a.a 
1. 4 
a.a 
2.3 
a.a 
a.5 
a.a 
a.a 
a.a 
31. 8 
11.6 
1. 9 
a.a 
a.a 
i.a 
4.a 
5.a 
5.a 
1. 3 
a.a 
4.9 
a.a 
a.a 
1. 4 
a.a 
a.a 
1. a 
a.a 
8.6 
4.4 
a.a 
la.7 
12.1 
4.4 
a.a 
12.4 
4.2 
6.2 
a.a 
12.5 
17.6 
22.9 
9.4 
a.a 
27.4 
7.1 
2.7 
a.a 
2.a 
a.a 
a.a 
a.a 
a.4 
a.a 
a.6 
a.a 
a.a 
a.9 
1. 4 
1. 5 
1. 5 
a.6 
1. a 
a.a 
a.a 
a.a 
1.1 
1.8 
5.3 
a.a 
3.a 
1. 5 
a.6 
a.5 
6.1 
a.a 
a.a 
a.a 
1. a 
a.a 
2a.9 
a.a 
a.a 
a.a 
a.a 
3.1 
a.a 
a.a 
a.a 
a.a 
a.a 
a.a 
a.a 
a.5 
3.1 
1. 8 
a.a 
1. 3 
6.2 
a.a 
7.7 
3.5 
2.9 
16.6 
2a.6 
a.a 
6.3 
a.a 
a.a 
1. 3 
a.a 
a.a 
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7.4 
2.6 
2.7 
1. 4 
1. a 
1. 4 
a.5 
1.2 
a.4 
a.a 
a.6 
1. 3 
a.a 
a.5 
1. 4 
a.5 
a.5 
a.6 
a.a 
a.a 
1. a 
a.a 
3.3 
a.9 
a.a 
a.a 
1.8 
2.3 
a.6 
a.a 
a.a 
a.a 
a.a 
a.9 
Dissolved 
Temp. oxygen Conductivity 
(umhos) WQI (°C) (mg/l) pH 
32. 5 2a 
8.3 23 
5. 5 21 
3a. 7 21 
37. 9 25 
8.6 22 
27. 3 18 
7 .a 15 
29. 7 18 
44. 9 25 
48. 7 25 
45. 7 29 
26. 9 22 
4a. 2 16 
63. 5 26 
33.1 12 
37.1 29 
45. 6 29 
17. 6 28 
5. 6 21 
7. 8 24 
9 .1 19 
11. 4 22 
9. 4 21 
7 .5 26 
14. 2 2a 
18. 6 2a 
26. 5 25 
9.3 22 
32. 9 28 
74.8 32 
7. 5 26 
68. 4 24 
8. 6 21 
a.3 
5.9 
6.3 
5.7 
6.1 
la.7 
7.8 
7.9 
11. 3 
7.7 
9.5 
19.7 
12.8 
8.7 
6.2 
la.a 
11.1 
la.7 
9.9 
9.6 
9.3 
7.9 
9.9 
8.9 
7.a 
6.8 
7.6 
8.3 
la.7 
7.2 
12.a 
la.2 
11. 3 
la.4 
7.a 
7.2 
6.7 
7.9 
7.6 
8.2 
7.9 
7.9 
8.1 
8.a 
7.7 
8.8 
8.7 
7.7 
7.9 
8.4 
8.4 
8.3 
8.a 
8.1 
8.2 
7.4 
8.1 
8.a 
344 
14a 
313 
675 
588 
638 
699 
694 
775 
822 
753 
739 
695 
827 
712 
858 
743 
771 
778 
719 
719 
818 
765 
815 
7.8 1a2 
7.8 787 
7. 8 813 
7.7 782 
7. 9 792 
7.8 713 
8.5 823 
7. 9 675 
8. 2 73a 
8.a 793 
Appendix 1. Continued. 
Anmonia N03+ 
TSS nitrogen N02 
(mg/l) (mg/l) (mg/l) 
3 
4 
2 
68 
79 
9 
26 
17 
18 
16 
123 
67 
18 
19 
20 
13 
18 
37 
8 
9 
5 
16 
24 
10 
4 
32 
39 
13 
5 
59 
168 
7 
116 
4 
0.00 
0.00 
0.00 
0.00 
0.23 
0.11 
0.04 
0.04 
0.00 
0.17 
0.06 
0.04 
0.00 
0.03 
0.17 
0.00 
0.03 
0.04 
0.05 
0.02 
0.06 
0.05 
0.03 
0.05 
0.06 
0.03 
0.07 
0.05 
0.10 
0.04 
0.05 
0.05 
0.04 
0.04 
0.0 
0.0 
0.0 
0.0 
0.5 
3.5 
9.5 
11.0 
1.1 
4.9 
2.6 
4.3 
1.3 
2.6 
4.9 
2.2 
6.4 
7.1 
2.6 
4.7 
13.0 
17.0 
8.3 
16.0 
8.6 
6.8 
7.9 
6.8 
6.8 
0.2 
0.0 
4.5 
0.2 
6.2 
Total 
p 
(mg/l) 
0.02 
0.00 
0.00 
0.14 
0.25 
0.07 
0.22 
0.04 
0.17 
0.57 
0.18 
0.49 
0.28 
0.53 
0.83 
0.37 
0.30 
0.30 
0.08 
0.01 
0.05 
0.02 
0.05 
0.01 
0.06 
0.02 
0.05 
0.25 
0.02 
0.15 
0.15 
0.05 
0.60 
0.02 
Principal Component scores 
Hardness Fish community 
(mg/l) I II III 
152 
58 
115 
288 
315 
358 
379 
407 
361 
379 
357 
359 
344 
382 
309 
372 
342 
365 
385 
354 
352 
394 
392 
409 
323 
386 
398 
359 
399 
338 
351 
310 
341 
379 
-0.6 -0.5 1.2 
1.3 1.2 1.5 
1.9 1.2 2.2 
0.7 -1.1 -1.0 
-2.7 -1.5 -1.4 
-1.8 -1.5 -1.4 
2.9 -2.7 2.1 
2.3 -0.2 -1.7 
1.9 -0.7 -1.8 
0.9 -0.3 -2.0 
-1.9 -1.3 0.8 
2.2 -0.4 -0.2 
-2.3 -1.7 1.1 
2.5 -1.1 -0.7 
0.3 
-1.4 
3.6 
-3.0 
1.4 
0.4 
-2.7 
2.1 
2.5 
2.0 
-2.2 
-2.1 
-0.1 
2.0 
-2.5 
-0.7 
0.6 
2.4 
-2.5 
-1. 3 
-0.5 
-2.1 
0.6 
0.0 
1.2 
1.3 
-0.9 
-0.4 
0.8 
1.5 
1.2 
1.4 
1. 3 
1.2 
1.4 
2.0 
-0.7 
-0.4 
0.8 
1.4 
1. 6 
2.8 
0.9 
-0.3 
-0.2 
-0.7 
0.1 
-O.l 
-0.4 
1.5 
0.1 
0.1 
-O.l 
-1.1 
-1.1 -0.3 0.5 
1.5 1. 7 -0.5 
0.1 -0.4 -1.2 
-3.2 0.7 -1.3 
-1.4 1.6 -2.3 
-3.6 0.4 1.4 
-2.1 0.9 -O.l 
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Physical habitat Water chemistry 
I II III I II III 
-3.6 
-0.3 
-0.4 
-0.2 
-1.6 
-0.2 
0.2 
-2.3 
2.2 
3.7 
-0.6 
3.6 
5.1 
1.8 
3.4 
2.9 
2.6 
2.3 
-1.2 
0.2 
1.8 
-1.4 
-2.2 
-2.9 
-0.4 
-0.7 
-2.2 
-1.3 
0.1 
0.2 
-2.7 
-3.5 
-3.5 
0.9 
1.8 1.3 
1.9 3.4 
3. 5 1. 7 
1.3 -0.8 
-1.5 0.4 
-3.5 -2.1 
-1.3 -0.5 
-0.5 -1.4 
-2.2 -0.6 
0.4 -1.5 
-1.5 3.6 
-0.4 -0.1 
-0.2 
-1. 9 
-0.8 
-1.4 
-0.2 
-0.4 
0.8 
1.0 
3.8 
0.6 
1.9 
0.0 
0.4 
2.9 
2.0 
-1.0 
-O.l 
-1.1 
4.0 
1. 3 
-0.6 
2.2 
0.1 
0.2 
-0.6 
-2.8 
-0.l 
1.1 
-0.6 
-0.3 
-0.7 
-0.5 
0.2 
-2.7 
-2.2 0.0 
-3.9 -0.3 
-1.3 -0.5 
-2.1 -1.5 
-4.9 
-5.5 
-5.5 
-0.7 
2.1 0.3 
2.0 -1.1 
1.0 -0.6 
1.6 -0.8 
0.2 2.4 2.7 
-O.l -0.9 0.4 
0.3 -0.6 0.5 
-0.6 -2.2 0.3 
0.4 -0.1 -1.3 
1.8 0.9 2.4 
1.1 1.2 0.4 
3. 7 1.0 -2.0 
1.2 0.4 
0.7 0.3 
1.3 2.1 
1.0 -0.5 
1.5 0.4 
1.9 0.6 
0.3 -0.4 
-0.7 -1.7 
-0.2 -1.9 
-0.5 -2.2 
0.4 -1.4 
0.1 -2.4 
-1.1 -1.2 
-0.2 -1.2 
0.4 -1.0 
0.3 -0.1 
o.o -1.8 
-2.0 
0.3 
2.7 
-1.0 
-0.8 
-0.2 
-0.3 
-0.8 
0.2 
0.9 
-0.5 
0.2 
0.7 
0.1 
0.8 
0.6 
0.5 
0.2 1.7 -O.l 
2.5 2.3 -1.3 
-0.8 -0.9 -0.4 
2.0 2.5 -0.6 
3.9 -0.6 -0.3 -2.0 -0.3 
